Abstract : When production data are not available, gas/oil differentiation is usually performed based upon the FDC/CAL (Formation Density/Neutron Logs) response and sidewall sample (sws) information. The response of the FDC/CNL tools, however, has been regarded as the more reliable indicator of the two methods.
INTRODUCTION
The Operators of large and older oil fields in the Niger Delta are currently engaged in rigorous re-appraisal exercises of remaining reserve in response to recent attractive fiscal terms offered by the Federal Government. The new gesture by Government is geared towards achieving a national production level of 2.5 million barrels of oil per day by 1995 and total reserves based of 25 Billion Barrels by the year 2,000. This will amount to about 45% increase on the current production rate of 1.7 million barrels per day by OPEC's quota allocation and 25 % increase on the 16 Billion barrels of oil reserves recorded as at Decemher, 1990 .
In the absence of production data, gas/oil differentiation is usually performed based upon the FDC/ CAL (Formation Density/Neutron Logs) response and sidewall sample (SWS) information. The response of the FDC/CNL is traditionally regarded as the more effective indicator of the two options. Since most of the wells drilled in the Forcados Yokri field have SWS data and no FDC/CNL logs, the objective of this study is to evaluate the fidelity of the existing data and thereby determine their validity when SWS measurements are used for differentiating gas from oil and water.
BACKGROUND INFORMATION OF FORMATION EVALUATION OF NIGERIA RESERVOIRS AND GEOLOGY OF FORCADOS YOKRI FIELD
The Forcados Yokri FielD is situated in OMLs 43 and 45, about 50 km SWS of Warni ( see Figure 1) . The field, which straddles the estuary of Forcados river, consists of a NW-SE oriented roll-over structure about 18km long and 4km wide (see Figure 2) . The Forcados part in the South East has a collapsed crest and is intensely faulted compared with the largely undisturbed Yokri part of the North West. The field was discovered in 1968 and was the largest in Nigeria by January,1987 .
The STOIIP and GIIP are currently estimated as 2,181 MMstb of oil and 1,188 MMscf of gas respectively. Current production is about 57,500b/d, while the cumulative production is 481 MMstb out of an expected ultimate recovery of 946 MMstb. Nine major reservoirs (3.0, D4.0, D5.0, D7.0, D8.0, D9.0, D9.4, E1,0 and E2.0) out of a total of 38 contain approximately 90 % of the total STOIIP.
The formations found in the Niger Delta are mostly unconsolidated sands and shales and it is often not feasible to take core samples or make drill stem tests. Formation evaluation is consequently based mostly on logs, with the help of sidewall samples and wireline formation tests (Schlumberger Nigeria 1985) .
Sands in the Nigeria Delta are fluvial (Channel) or fluvio-marine (Barrier Bar) and consists of quartz 
PROCEDURE
The Forcados Yokri field currently has 124 wells, 12 of which have FDC/CNL logs. The data available should provide a good base to determine a measure of confidence by comparing the FDC/CNL response with the recovered SWS's. These 12 wells include Forcados . The wells are well favored for the study in terms of their coverage (in depth/lateral spread) and data quality for detailed evaluation. The D5, 0 hydrocarbon pay sand is correlatable across the entire NW-SE roll-over structure and is penetrated by these wells. Deeper pay sands at D6.0 and D8.0 levels are penetrated in similar fashion.
The major sand levels in these wells were arialyzed individually and correlated with one another where possible. The major sand levels considered are the D3.0, D4.0, D5.0, D6.0, D8.0, D9.0 and E2.0 encountered by these wells at approximately 4900, 5187, 5260, 5385, 5548, 7038 and 7382 feet respectively.
The FDC/CNL separation for the hydrocarbon in each case was compared through correlation with the corresponding SWS date observed on the petrophysical data log.
In terms of fluid type differentiation, the typical FDC/CNL log response as compared with the resultant data expected for occurrence of gas,oil and water are as plotted on Figures 3, 4,5 and 6. These form the basis on which the observations and conclusions are made on the comparison of the FDC/CNL separation with the SWS data obtained from the Forcados Yokri Field.
For the SWS data obtained from this field, the caliper (hole diameters in inches), spontaneous potential (in millivolts) and gamma-ray (API units) curves are plotted on the left handside tracks, while the resistivity (in ohms-meter) and conductivity (Millimhos-meter) are plotted on the right handside of the same log. In equivalent terms on the FDC/CNL log, the caliper is plotted on the left handside track while the neutron porosity (in %) and bulk density (grams/cc) with their correction are plotted on the right handside tracks.
OBSERVATION AS AGAINST EXPECTATION FROM FIELD DATA ON FLUID DIFFERENTIA-TION IN THE FORCADOS YOKRI FIELD BY COMPARING FDC/CNL SEPARATION WITH SWS
A first indication of the probable presence of a sandstone reservoir is the sudden change in value of The log response to typical sandstone reservoir in this field is exemplified in Forcados-Yokri-119 by a cylindrical gamma-ray curve shape indicating deltaic channel sands, featureless, massive with constant permeability (see Figure 7) . The average porosity (Q) and water saturation (SW) are 26 and 20% respectively, while the water resistivity is 0.12 Ohm-meter.
The GR curve is a measure of the natural radioactivity of the fomations.
The GR reading is lower in sand than in shale Since sandstone is generally less radioactive than shale. The SP curve is a recording of the natural potential difference between a point in the borehole and the surface. In Nigeria,the salinity of the fluid differentiation case history mud filtrate is often greater than that of the formation water, this causes the SP deflection opposite permeable beds to be positive towards the right (Schlumberger, Nigeria 1985), and positive SP deflections usually indicate fresh water-bearing formations.
WATER-BEARING FORMATIONS The neutron porosity (QN) is formulated by assuming a water bearing limestone matrix . Since the reservoir lithology in the Nigeria Delta is predominantly sandstone, the sandstone compatible scales are used for the FDC/CAL Logs (Formation Density/ Compensated Neutron Logs). In this regard , the response is such that the density and neutron curves practically overlay each other (i.e. an interplay) over the whole porosity range in clean water-bearing sandstones. The Sidewalk Sample data is equally expected to exhibit indications of hydrocarbons. The resistivity Log should indicate a highly conductive zone (see Figures 3 and 4) . Observations from relevant logs including Forcados Yokri-103, -114 and-117 reveal responses as described above in water-bearing zones . A departure between these 2 curves (i .e.FDC and CNL overlaying each other) indicates that the lithology or fluid content does not correspond to that of water-bearing clean sand.
GAS DETECTION when there are light hydrocarbons instead of oil or water in the zone investigated by the Neutron and Density Logs, we have the following effects:
The apparent density of the formation is decreased since it now contains less dense fluids. The relationship between electron density (which is normally measured by the tool) and density is somewhat different for gas than for a rock containing oil or water, the combined effect is an increase in QD (density porosity) implying a decrease in bulk density (eb). The neutron porosity decreases because the formation contains less hydrogen per unit volume , and the tool equates porosity with the amount of hydrogen in the formation. Hence the combination of these 2 effects results in the FDC/CNL separation. An increased resistivity response occurs when the formation is gas-bearing (see Figures 3 and 5) . The equivalent SWS data would show either some indications of recovered hydrocar - Fig.8 . SWS petrophysical data log response to the 5ft thick gas sand (Forcados Yokri-103).
bons or no trace but with evidence of increased resistivity response from the Resistivity Log for the Zone. A good correlation was observed between the FDC/CNL and SWS data for the gas-bearing formations encountered Forcados Yokri -103, -114 and -119 from the D3.0 sand level (at about 4900 ft depth) through the D9.0 sand level at 7034 ft.
However, a deviation from the conventional trend for the expected FDC/CNL separation in a gas zone was identified at two different levels in the Forcados Yokri-103 well. The SWS data indicated a 5-foot thick sand was a gas-bearing (with Q = 29 and SW = 55) at the D4.0 sand level (5195 ft.) in Forcados Yokri -103 for which the FDC/CNL log in combination with the resistivity log appears to indicate oil (compare Figures 8 and 9 ).In the same well, the SWS also noted gas and strong indications of oil at the D8.0 sand level (5548 ft) , another 6 ft gas and 8ft oil pay sands which are not so apparent on the equivalent FDC/CNL log (compare figures 10 and 11). The SWS is thus more effective than FDC/CNL in picking up thin marginal sands with hydrocarbons occurrence as evidenced in the Forcados Yokri-103 well.
OIL-BEARING FORMATIONS
In the oil-bearing sands, the FDC/CNL curves tend to track together, with evidence of high resistivity (see Figures 3 and 6) . The SWS data equally exhibits weak or strong indications of oil with an increase in the resistivity log. There is, in general, a good correlation between the FDC/CNL log response and the SWS data for the oil-bearing sands encountered by Forcados Yokri -103, -114 and -119 in particular. Both FDC/CNL and SWS data conform to the traditional responses expected from oil-bearing formations as illustrated in Figures 3 and 6. COMMENTS AND CONCLUSION From the above comparison between the FDC/ CNL separation and SWS petrophysical data in vanious hydrocarbon zones, it can be concluded that fluid differentiation (gas, oil or water) in the Forcados Yokri field can be done strictly from SWS measure -ments with a good measure of reliability, in the ab sence of production data and FDC/CNL logs. As observed from the analysis of Forcados Yokri -103, -114. and 117 in particular, and with the rest of the wells, there is a very good correlation between the FDC/ CNL log response and equivalent SWS data for occurrences of gas and oil at the various levels in the Forcados Yokri field. It was noticed that SWS data better differentiated this marginal gas and oil sands of the order of 5-6 ft pay in each case, while the equivalent FDC/CNL logs did not pick them up. The FDC/CNL log responses are better defined in thick clean sand formations as against thin marginal pay sands. The SWS petrophysical measurements, consequently, have proved to be effective tool and potential for reserves/production addition and here recommended for use in the Nigeria Delta lithological setting. ACKNOWLEDGMENTS I wish to express my gratitude to the Nigerian National Petroleum Corporation (NNPC) and Shell Petroleum Development Company (SPDC) for permitting the use of the data for this paper. Fig.9 . FDC/CNL log response to the 5ft thick gas sand (Forcados Yokri-103) .
